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(54) Method of thawing cryopreserved cells 

(57) The invention features a nnethod of processing 
cryopreserved cells by thawing and equilibrating the 
cells at warm temperatures (e.g., between 30°C and 
43°C). Either the cell suspension in the cryoprotective 
medium is thawed to a temperature between 35'*C and 
43''C or the cryoprotective medium is equilibrated with 
a culture medium at a temperature between 35°C and 



43°C, or both steps are carried out at the warm temper- 
atures. By thawing and equilibrating the cryopresen/ed 
cells at warm temperatures, the viability, (especially af- 
ter 3 hours of culture), and metabolic activity (i.e., di- 
azepam metabolism) of the cells can be improved over 
traditional cold cell processing (i.e., at temperatures of 
between 2°C and 8°C), 



I 



Description 

The invention relates to a method of processing cry- 
opreserved cells. 

Cells can be preserved in a preservation medium s 
(e.g., cryopreserved) so that they can be recovered alive 
for later use. For example, mammalian cells such as 
ova, spermatozoa, hepatocytes, and the like can be suc- 
cessfully cryopreserved. Cryopreservation techniques 
have been developed and improved over the last dec- 
ade, however the thawed cells are typically maintained 
at low temperatures (i.e.. around 4°C) throughout 
processing until the cells are needed at full metabolic 
activity levels. Maintaining and manipulating thawed 
cells as cold cell suspensions allowed the cells to be 
manipulated and transported to the site of action without 
risking loss of activity. 

The invention features a method of processing cry- 
opreserved cells by thawing and equilibrating the cells 
at warm temperatures (e.g., between 30'*C and 43°C). 
Most preferably, either the cell suspension in the cryo- 
protective medium is thawed to a temperature between 
35*^0 and 43**C or the cryoprotective medium is equili- 
brated by adding a culture medium to dilute the cell sus- 
pension at a temperature between 35°C and 43^*0, or 
both steps are carried out at the warm temperatures. By 
thawing and equilibrating the cryopreserved cells at 
warm temperatures, the viability (especially after 3 
hours of culture in an incubator), and metabolic activity 
(e.g., diazepam metabolism) of the cells can be im- 
proved over traditional cold cell processing (i.e., at tem- 
peratures of about 2°C to 8°C). 

In one aspect, the invention features a method of 
recovering cryopreserved cells. The method includes 
the steps of: thawing frozen cells cryopreserved in a cry- 
oprotective medium to give a first cell suspension; add- 
ing a first quantity of culture medium to dilute the first 
cell suspension; and washing the cells with a fluid se- 
lected from either a second culture medium or saline to 
remove the cryoprotective medium to give a second cell 
suspension. Either one or both of the thawing and the 
adding steps are carried out at a temperature between 
30*C and 43°C. Conveniently, the first culture medium 
and the second culture medium can be the same. 

In another aspect, the invention features a method 
of recovering cryopreserved hepatocytes including the 
steps of: thawing cryopreserved hepatocytes from a cry- 
oprotective medium to give a hepatocyte suspension; 
adding a first culture medium to dilute the cryoprotective 
medium at a temperature between 30°C and 43'*C; and 
washing the hepatocytes with a second culture medium 
or saline by separating the hepatocytes from the cryo- 
protective medium and adding the culture medium or sa- 
line to give a final hepatocyte suspension. 

In preferred embodiments, the adding step is car- 
ried out between 30**C and 43°C, more preferably be- 
tween SS^'C and 43°C. In other preferred embodiments, 
the thawing step is carried out between 30**C and 43*'C, 



more preferably between 35**C and 43°C. f\/lost prefer- 
ably, both the adding and thawing steps are carried out 
at between 30°C and 43'*C, more preferably between 
35'*Cand 43^C. 

In preferred embodiments, the cells are mammalian 
cells, such as hepatocytes. pancreatic islets, chondro- 
cytes, cartilage cells, neural cells, or blood cells. Most 
preferably, the mammalian cells are hepatocytes. 

The washing step can be performed by separating 
(e.g., centrifuging) the cells from the cryoprotective me- 
dium and subsequently adding a culture medium or sa- 
line to the cells. 

As used herein, "equilibration" or "equilibrating" 
means adding a culture medium of approximately equal 
volume to dilute the cell suspension in a protective me- 
dium and facilitate removal of the protective medium by 
lowering the osmolarity of the solution surrounding the 
cells. 

The method of recovering cryopreserved cells can 
have one or more of the following advantages. Thawing 
and equilibrating cryopreserved cells (e.g., hepato- 
cytes) at temperatures near 37*C can result in lower 
losses of viability and higher cell metabolic rates (e.g.. 
diazepam metabolism). In addition, the cells can exhibit 
improved cell attachment to substrates, improved sur- 
vival, and improved cell morphology in comparison to 
cells thawed by ordinary cold methods. The warm cell 
thaw and equilibration procedure can increase the yield 
and function of cryopreserved hepatocytes. In general, 
hepatocytes that have been thawed and equilibrated at 
SJ^C show average diazepam function to be 70% of the 
fresh cell function, whereas hepatocytes thawed and 
equilibrated to 4°C could have diazepam metabolism as 
low as 27% of fresh cell function. Thawing or equilibrat- 
ing at 37*C can provide stability to cells, for example, 
by preventing the cell swelling and mortality that occurs 
when cryopreserved cells are thawed to 4°C. Warm 
processed cells can be less swollen and can exhibit less 
blebbing and fewer ghosts indicating, perhaps, the pre- 
vention of injury to the ceil membrane which can occur 
at low temperatures. In addition, warm temperature 
processing is simplified since the processing tempera- 
tures are closer to ambient temperatures. 

Other features and advantages of the present in- 
vention will be apparent from the following detailed de- 
scription of the invention, and from the claims. 

Cryopreserved cells that are equilibrated at a warm 
temperature between about 30^0 and 43**C can be ren- 
dered substantially free of protective medium. Indeed, 
cryopreserved cells which are thawed at or near liquid 
nitrogen temperatures to such warm temperatures prior 
to the warm equilibration step have improved viability 
and metabolic activity over time. In general, lower yield, 
viability, and function for cells recovered by a 4°C thaw, 
4'*C equilibration, and 4*C wash process are obsen/ed 
in comparison to warm processed cells. Particularly of 
interest is the 3 hour post thaw viability (cells cultured 
for 3 hours in a 37*C incubator), which is significantly 
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lower in the cold processed cells. Cryopreserved hepa- 
tocytes recovered by traditional cold processing tech- 
niques normally lose approximately 25 to 40% of their 
post-thaw viability during the first 3 hours of in wYro cul- 
ture at 37°C in petri dishes. In contrast, cells recovered 
by warm equilibration processing lose only about 8% of 
their post-thaw viability after 3 hours of culture. Any cry- 
opreserved cells that experience an initial thaw or equi- 
libration at a temperature higher than 4°C have better 
viability and metabolic activity Moreover, cells thawed 
and equilibrated at the higher temperatures have signif- 
icantly improved viability and performance. The final 
washing procedure should be carried out with cold sa- 
line or media in order to maintain the cells at low meta- 
bolic levels until the active cells are needed. 

Without further elaboration, it is believed that one 
skilled in the art can, based on the description herein, 
utilize the present invention to its fullest extent. All pub- 
lications cited herein are hereby incorporated by refer- 
ence. The following specific examples are, therefore, to 
be construed as merely illustrative, and not limitive of 
the remainder of the disclosure. 

As an example, cryopreserved porcine hepatocytes 
are recovered from the cryoprotective medium into a vi- 
able suspension of cells in a culture medium or saline. 
The number of cells that are recovered depends upon 
the use planned for the cells after processing. In the 
case of use in a bioartificial liver support system, ap- 
proximately 5 X 1 0^ viable cells are contained in the ves- 
sel. Cryopreserved hepatocytes are described, for ex- 
ample, in Kasai, etal., Cryobiology, 30:1-11 (1993). 

Thawing of frozen cryopreserved hepatocytes is 
carried out by immersing a flexible bag (e.g., a Baxter 
CRYOCYTE bag) containing the cryopreserved cells in 
a temperature-controlled water bath to give a cell sus- 
pension in the protective medium. More specifically the 
bags are removed from a freezer at or near liquid nitro- 
gen temperature. Each of the frozen bags contains a 
volume between approximately 10 mL and 200 mL and 
contains approximately 1 to 4 x 10^ viable cells. Typi- 
cally, bags of cryopreserved hepatocytes are thawed si- 
multaneously in the water bath. The water bath used for 
thawing generally has a capacity of at least 14 L and a 
heater (e.g., having a power > 30W/L) and is maintained 
at temperatures between about 37'C and 43'C. The 
bags containing frozen cells in a cryoprotective medium 
are immersed in the warm water for approximately 2 
minutes depending on volume being thawed. The con- 
tents of the bag are warmed to about 35°C and 43°C (e. 
g.. 37°C) in that time. 

Once the cell suspension is thawed to a warm tem- 
perature in the protective medium, the cells are equili- 
brated with a culture medium. In this step, the culture 
medium is introduced into the bag containing the thawed 
cell suspension in the protective medium. The volume 
of culture medium added should be approximately equal 
to the volume of the thawed cell suspension. Culture 
medium can be introduced into the bag through, for ex- 



ample, a re-sealable port by gravity feeding or an auto- 
mated cell processor. It is important to avoid introducing 
foreign contaminants in this step. The culture medium 
for equilibration is warmed to between about 37°C and 

s 43'C before addition to the thawed cell suspension. The 
equilibration step facilitates the removal of the cryopro- 
tectant in the protective medium from the cell environ- 
ment by lowering the osmolarity of the solution. Greater 
than 30 seconds is necessary to allow complete equili- 

10 brat ion. 

Suitable culture media include Chee's essential me- 
dium (CEM). modified eagle medium (MEM), Dulbec- 
co's modified eagle medium (DMEM), Leibowitz's me- 
dium. Waymouth's medium, and Kreb's medium. Tradi- 

?5 tional culture media include additional components such 
as amino acids or mammalian sera. The preferred cul- 
ture media for the porcine hepatocytes described herein 
are CEM and DMEM containing fetal bovine serum 
(FBS). A protective medium is a culture medium that is 

20 supplemented with additives (e.g., the cryoprotectant) 
so that the cells suspended in it can survive the cryop- 
reservation process. A typical protective medium is a 
culture medium that includes up to 1 5%, most preferably 
10%, dimethylsulfoxide (DMSO) as the cryoprotectant. 

25 A protective medium can also include up to 20% FBS, 
Once the cell suspension has been equilibrated 
with the culture medium in the bag, the cell suspension 
can be transferred to a cell processor, such as a COBE 
2991 cell processor, which includes pumps and tubing 

30 for transferring liquids and a centrifuge for washing. The 
step of washing the cryopreserved hepatocytes can be 
carried out in the cell processor where the cell suspen- 
sion that has been thawed is diluted with a culture me- 
dium. The cells are substantially separated from the 

3S mixture of media using the centrifuge and the substan- 
tially cell-free medium is aspirated away from the cell 
pellet. At this point, the cells are essentially separated 
from the cryoprotectant. The cell pellet can be further 
washed with an additional fluid such as culture medium 

"^0 or saline. Conveniently, the culture medium can be the 
same in the equilibrating and washing steps. More spe- 
cifically, the fluid is added to the cells, the mixture of cells 
and fluid is agitated to form a cell suspension, and the 
cell suspension is centrifuged to give a cell pellet that 

^5 has been washed. The washing can be repeated multi- 
ple times to further remove medium, debris, and cryo- 
protectant from the cells. 

The cells in the cell pellet are then resuspended in 
a transfer medium to form the transfer cell suspension. 

50 The transfer medium can be saline or a culture medium. 
The transfer cell suspension, being substantially free of 
cryoprotectant, is transferred out of the cell processor 
into a vessel. 

The preferred vessel is a flexible bag with multiple 

5S sealable ports (e.g., a seeding vessel). A sample of the 
cell suspension can be withdrawn from the vessel in or- 
der to count the concentration of cells that are contained 
in the vessel. The cells are counted using, for example, 



a hemacytometer. The multiple ports allow the liquid 
contained in the vessel to be sampled in environmental 
isolation (i.e., aseptically). The multiple ports also allow 
samples to be taken for quality control without compro- 
mising the integrity of the cell suspension. The total vol- 
ume of the cell suspension in the vessel can be deter- 
mined gravimetrically or volumetrically to determine the 
total number of cells in the vessel. If the number of cells 
is higher than desired, a weight (or corresponding vol- 
ume) of the cell suspension that corresponds to the 
number of cells in excess can be removed. The volume 
that is removed can be replenished with saline, or an- 
other suitable medium, to maintain the total volume of 
the system. Since all of the manipulations of the cell sus- 
pension are carried out aseptically the cell suspension 
remains sterile. Hydrated microcarriers can be added 
aseptically to the hepatocyte suspension, if desired, and 
the hepatocytes can then be used in artificial liver appli- 
cations. 

The temperature of the medium used for washing 
depends on when the cells are intended for use. If the 
recovered cryopreserved cells are to be used immedi- 
ately, it is sufficient to use warm medium for the washing 
step(s). In these circumstances, the medium can have 
temperatures between about IS'^C and 43°C. Alterna- 
tively, if it is likely that the cells will not be used immedi- 
ately (i.e., 1 to 5 hours), the last washing medium should 
be cold and the washed cells in a culture medium or, 
especially, in saline, should be stored ator near 4^*0 until 
the active cells are needed (i.e., to treat a patient with 
an artificial liver support system). The cold medium can 
have temperatures between about 2°C and IS'^C (pref- 
erably between 2**C and 8**C). 

The method of recovering cryopreserved cells was 
carried out using cryopreserved porcine hepatocytes to 
compare the effects of equilibrating the cells with culture 
medium at about Sl^'C or thawing the cells to about 
37°C ("warm processing") to the traditional method of 
thawing and equilibrating cells at 4°C ("cold process- 
ing") as a control. In vitro function of recovered cryop- 
reserved hepatocytes was measured by the ability to 
metabolize diazepam and cell viability was assessed by 
trypan blue exclusion with a 1:6 dilution while counting 
8 fields per hemacytometer. 

The process of cell recovery was carried out in the 
following manner The culture medium (DMEM) used in 
the equilibration step was warmed to about 37*C by 
placing it in a suitable environment (e.g. S^C to 43'*C 
water bath or 37°C to 43*C incubator) for at least 45 
minutes prior to use. Cryocyte bags (100 mL) were re- 
moved from liquid or vapor nitrogen storage in a cryo- 
shipper and immediately submerged in a water bath 
maintained between 37°C to 43*'C. The bags were gen- 
tly agitated for 120 seconds. At this point, the cell sus- 
pension had thawed and warmed up to a temperature 
of about 37'*C. The thawed bags were removed from the 
water bath and were aseptically connected to the cell 
processor (i.e., a Cobe 2991 cell processor, manufac- 



tured by Cobe, Lakewood, CA). The cell suspension 
was equilibrated with the warm DMEM. The DMEM was 
aseptically added to each bag of cells while the bag was 
being agitated until each bag was approximately half full 

5 when thawing 100 mL bags of cells. The bag was visibly 
red from the addition of the DMEM solution. 

After the cell suspension was equilibrated, the cells 
were washed at a temperature of about 37*0. The equil- 
ibrated cell suspension was transferred to a cell 

10 processing bag in the centrifuge of the cell processor 
where the cell suspension was agitated for about 1.25 
minutes. The centrifuge was spun at 600 rpm for a pe- 
riod of time long enough to separate the cell pellet from 
the suspending medium. After spinning for about 1.5 

IS minutes, the supernatant was aspirated away from the 
cell pellet until the cell pellet remained at the perimeter 
within the cell processing bag and the supernatant was 
largely removed. At this point, the cells were resuspend- 
ed in culture medium. 

20 Cold processing was carried out in an analogous 
manner, except that the thawing and equilibrating steps 
were carried out with solutions and suspensions at 
about 4'*C. 

Cascade experiments were also carried out to iso- 

25 late the point in cell processing where exposure to 37°C 
leads to improved cell stability and viability A set of cry- 
opreserved cells was thawed at 4°C and a second set 
was thawed at 37°C . Each set was divided into two sam- 
ples to which warm (37=*C) or cold (4°C) culture medium 

30 was added. Each of the samples was further divided into 
two batches for warm and cold washing with medium. 

After thawing and equilibrating at 4**C ("cold 
processing"), the viability of the cells decreased from an 
initial post thaw viability of 73%, as measured directly 

35 after cell recovery, to50%after 3 hours of /n wfro culture . 
The cells that were recovered by thawing and equilibrat- 
ing at 37'*C ("warm processing") decreased from 71% 
post-thaw to only 70% after 3 hours of in vitro culture. 
In addition, warm processed cells had higher diazepam 

40 metabolism, and improved cell attachment, survival, 
and morphology on vitrogen plates as assessed on day 
1 after recovery in comparison to the cold processed 
cells. Cold processed cryopreserved hepatocytes ex- 
hibited diazepam metabolism of 1.41 |ig/hr/IO^ whereas 

45 the warm processed cells had diazepam metabolism of 
3. 1 6 |ig/hr/IO®. Thawing at cold temperatures and equil- 
ibrating the cells at warm temperatures did not adverse- 
ly affect the quality of the recovered cells. Cold proc- 
essed cells demonstrated little attachment, while the 

50 cells processed at 37'*C exhibited profoundly greater at- 
tachment that permitted cell spreading and formation of 
plaques of confluent hepatocyte monolayers that dif- 
fered little from typical fresh cell monolayer cultures. 
Furthermore, warm processed cells were less swollen, 

55 and exhibited less blebbing and fewer ghosts indicating, 
perhaps, the prevention of injury to the cell membrane 
which can occur at low temperatures. 

Properties used to evaluate processed cryopre- 
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served cells e.g. cell viability, metabolic rates, cell at- 
tachment, cell survival and cell morphology can be as- 
sessed using methods known in the art, such as those 
described in Kasai et al.. Cryobiology 30: 1-11 (1993). 
Methods for measuring metabolic rates include meas- 
urements of diazepam metabolism for example the 
method described in Jauregi et al.. Xenobiotica 21: 
1091-1106 (1991). In such a method about 4 X 10^ cells 
are cultured as a monolayer in 5 milliliters of medium 
containing 50 pg/ml diazepam, and the amount of di- 
azepam metabolites present in the culture supernatant 
measured after 3 hours of culture. Diazepam metabo- 
lites are assayed by high performance liquid chroma- 
tography (HPLC) using a CIS |i-Bondpack reverse 
phase column according to known methods, e.g. those 
described in Jauregut et al.. Xenobiotica 21 : 1091-1106 
(1991). 

From the above description, the essential charac- 
teristics of the present invention can be ascertained. 
Without departing from the spirit and scope thereof, var- 
ious changes and modifications of the invention can be 
made to adapt it to various usages and conditions. Thus, 
other embodiments are also within the claims. 



Claims 

1. A method of recovering cryopreserved cells com- 
prising the steps of: 

thawing frozen cells cryopreserved in a cryo- 
protective medium to give a first cell suspen- 
sion; 

adding a first culture medium to dilute said first 
cell suspension: and 

washing said cells with a fluid selected from a 
second culture medium or saline to remove 
said cryoprotective medium to give a second 
cell suspension. 



6. The method of claim 5. wherein said adding step is 
carried out at a temperature between 35*C and 
43*0. 

5 7, The method of any one of the preceding claims, 
wherein said thawing step is carried out at a tem- 
perature between 30''C and 43°C. 

8. The method of claim 7. wherein said thawing step 
^0 is carried out at a temperature between SS'C and 

43°C. 

9. A method of recovering cryopreserved hepatocytes 
comprising the steps of: 

75 

thawing cryopreserved hepatocytes from a cry- 
oprotective medium to give a hepatocyte sus- 
pension; 

adding a first culture medium to dilute said cry- 
oprotective medium at a temperature between 
30=*C and 43°C; and 

washing said hepatocytes with a second cul- 
ture medium or saline by separating said hepa- 
tocytes from said cryoprotective medium and 
adding said culture medium or saline to give a 
final hepatocyte suspension. 

10. The method of claim 9. wherein said thawing step 
is carried out at a temperature between 30°C and 

30 43^*0. 

11. The method of claim 9 or claim 10. wherein said 
adding step is carried out at a temperature between 
35^C and 43''C. 

35 



25 



40 

wherein one or both of said thawing and said 
adding steps are carried out at a temperature be- 
tween SO^'C and 43''C. 

2. The method of claim 1 , wherein said cells are mam- 45 
malian cells. 

3. The method of claim 2, wherein said mammalian 
cells are hepatocytes, pancreatic islets, chondro- 
cytes, cartilage cells, neural cells, or blood cells. so 

4. The method of claim 2, wherein said mammalian 
cells are hepatocytes. 

5. The method of any one of the preceding claims. 55 
wherein said adding step is carried out at a temper- 
ature between SO^C and 43''C. 
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(54) Method of thawing cryopreserved cells 

(57) The invention features a method of processing 
cryopreserved cells by thawing and equilibrating the 
cells at warm temperatures (e.g.. between 30°C and 
43°C). Either the cell suspension in the cryoprotective 
medium is thawed to a temperature between 35°C and 
43**C or the cryoprotective medium is equilibrated with 
a culture medium at a temperature between 35°C and 



43''C. or both steps are carried out at the warm temper- 
atures. By thawing and equilibrating the cryopreserved 
cells at warm temperatures, the viability (especially af- 
ter 3 hours of culture), and metabolic activity (i.e., di- 
azepam metabolism) of the cells can be improved over 
traditional cold cell processing (i.e., at temperatures of 
between 2°C and 8'C). 
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